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(54) Power supply unit for an electric discharge machine 



(57) In a power supply unit for an electric discharge 
machine, a switching circuit comprises two switching el- 
ements (21,22) connected in series. * The respective 
switching elements (21,22) are controlled so that these 
switching elements are simultaneously in an ON state 
for a specific period. As a result of that, an ON time which 
is shorter than an ON time to be obtained in a case 
where the switching circuit is composed of only one 



switching element, will be obtained. Moreover, the two 
switching elements (21 ,22) connected in series may be 
connected in parallel with another pair thereof (23,24), 
so that the number of repetitive times of an ON time per 
unit time becomes twice as much as a case where the 
switching circuit is composed of only one switching ele- 
ment pair (21 ,22). 
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Description 

The present invention relates to a power supply unit 
for an electric discharge machine, which applies a volt- 
age from a DC power source to an interelectrode gap 5 
between an electrode and a workpiece, through a 
switching element. There has already been known a 
power supply unit for an electric discharge machine, 
which has a switching circuit constituted by interposing 
one switching element between an interelectrode gap io 
provided by a machining electrode and a workpiece, and 
a DC power source, and which controls a time of apply- 
ing a DC voltage to the electrode by executing ON-OFF 
control for the switching element according to ON-com- 
mand means. 15 

An example of the known power supply unit will be 
described below with reference to a block diagram 
shown in Fig. 7. 

In Fig. 7, a reference numeral 1 denotes a DC power 
source, 2 denotes a switching element, 3 denotes a ma- 20 
chining electrode, 4 denotes a workpiece and 5 denotes 
a current limiting resistor. Also, a symbol "S" is an ON- 
command signal for turning the switching element 2 on 
only for a predetermined time. 

In the case where an electric discharge machining 25 
is executed by using the power supply unit as shown in 
Fig. 7, there have been known the following two sys- 
tems, for example, (1) a system of turning the switching 
element 2 on to apply a DC current to an interelectrode 
gap, and turning off the switching element 2 when a pre- 30 
determined time elapsed after a discharge is generated 
in the interelectrode gap by the DC voltage, thereby ob- 
taining a machining current having a desired pulse 
width, and (2) a system of repeating an ON-OFF oper- 
ation of the switching element 2 regardless of the pres- 35 
ence of the generation of discharge, thereby obtaining 
a machining current having a fine pulse width. 

The foregoing system (1 ) is suitable for obtaining a 
current pulse having a relatively wide pulse width used 
in a process from rough machining to medium machin- 40 
ing. On the other hand, the foregoing system (2) is suit- 
able for finish machining, and requires a current pulse 
having a fine pulse width to make small a surface rough- 
ness and to improve a machining precision in the finish 
machining in particular. 45 

If an ON-command signal is given to the switching 
element shown in Fig. 7, the switching element 2 actu- 
ally changes over from an OFF state to an ON state after 
a certain time (pulse delay time) elapsed. Also, if an off- 
command signal is given to the switching element 2 so 
which is in an ON state, the switching element 2 actually 
changes over from an ON state to an OFF state after a 
certain time (pulse delay time) elapsed. 

The above-mentioned phenomenon will be de- 
scribed below with reference to Fig. 8A. ss 

In Fig. 8A, a symbol "S" is indicative of a state where 
an ON-command signal is inputted to the switching el- 
ement 2 in the circuit of the power supply unit for an 



electric discharge machine shown in Fig. 7 when the sig- 
nal is at a high level. On the other hand, a symbol "P" is 
indicative of a state where the switching element 2 is in 
an ON state where a signal P is at a high level. 

Moreover, in Fig. 8A, a symbol t s represents a pe- 
riod of time the ON-command signal S is being output- 
ted, and a symbol t p represents a period of time the 
switching element 2 is actually in an ON state according 
to the ON-command signal, that is, an ON-time width. 
Also, a symbol t r represents a time until the switching 
element 2 changes over from an OFF state to an ON 
state after the ON-command signal S rises, a symbol t, 
represents a period of time until the switching element 
2 is changed over from an ON state to an OFF state 
after the ON-command signal S falls, and a symbol t, 
represents a repetitive period of the ON-command sig- 
nals S and the signal P. 

In general, a semiconductor device such as a tran- 
sistor is frequently used as a switching element incor- 
porated in a power supply circuit of an electric discharge 
machine. A pulse delay time t r is shorter than a pulse 
delay time tf, that is, there is established a relation of t, 
<t f . 

The pulse delay time t r is required until the switching 
element becomes an ON state after the ON-command 
signal S rises. Also, the pulse delay time t f is required 
until the switching element becomes a OFF state after 
the ON-command signal S falls. For this reason, it is im- 
possible to make the time t s during which the ON-com- 
mand signal S is being outputted shorter than the pulse 
delay time t r , and it is impossible to make the ON time 
width t p of the switching element 2 shorter than the pulse 
delay time t f . 

Therefore, the minimum value t p (min) of the ON 
time width t p is the pulse delay time t f , that is, expressed 
by the following equation (1 ). 

t p (min) = t f (1) 

In order to control the switching element 2 so that 
the switching element 2 is in an ON state for only a pe- 
riod of t p (min) = t f , as shown in Fig. 8B, a pulse rise time 
of the ON-command signal S is prior to the point of time 
when the switching element 2 changes over from OFF 
to ON state by the pulse delay time t r ; on the other hand, 
a pulse fall time of the ON-command signal S must be 
prior to the point of time when the switching element 2 
changes over from ON to OFF by the pulse delay time 
t f . In this case, the period of time t s of the ON-command 
signal S becomes equal to the pulse delay time tf. 

A pulse rise time of the next ON-command signal S 
can be set to the point of time when the switching ele- 
ment 2 changes over from ON to OFF at the earliest, as 
shown by a dotted line in Fig. 8B. In other words, the 
next ON-command signal S rises when only period of t p 
(min) = t f elapsed after the previous ON-command sig- 
nal S falls. Therefore, the minimum value t t (min) of a 
repetitive period t t is as the following equation (2). 

t t (min) = t r + t f (2) 
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In this case, a semiconductor such as a transistor 
is used as the switching element 2; for this reason, tran- 
sient phenomena actually exist in the case where the 
switching element 2 changes over from ON to OFF and 
from OFF to ON. Thus, a pulse waveform does not form s 
a rectangular shape as shown by P in Fig. 8A and Fig. 
8B, and some rounding (pulse distortion) is generated 
dependently upon a time constant. However, in Fig. 8A 
and Fig. 8B, the foregoing transient phenomena are dis- 
regarded for convenience sake of a principle explana- 10 
tion. 

In the case of reducing surface rougnness or in- 
creasing machining precision in finish machining, a ma- 
chining current pulse having a very short pulse width is 
required. In other words, the ON time width t p of the is 
switching element 2 must be made very short. In the 
case of using the conventional power-supply unit for an 
electric discharge machine to execute the machining as 
described above, the foregoing system (2) of repeating 
an ON-OFF operation of the switching element 2 regard- 20 
less of the presence of the discharge generation is fre- 
quently employed. 

A pulse width of a machining current flowing by a 
discharge which is generated in dependence on an ap- 
plied voltage period or voltage application to the intere- 25 
lectrode gap is dependent upon the ON time width t p of 
the switching element 2. However, as described above 
(see the equation (1)), it is impossible to make the ON 
time width t p of the switching element 2 shorter than the 
pulse delay time t f . The minimum value of the ON time 30 
width t p of the switching element 2 is restricted (accord- 
ing to characteristics of the switching element used). As 
a result, the pulse width of machining current is not con- 
trolled to a desired minimum value; for this reason, there 
is a limitation on a surface roughness or machining pre- 35 
cision. 

In order to improve a machining speed, there is a 
need of making short a repetitive period t t of an ON op- 
eration of the switching element 2, and increasing the 
number of pulses of a machining current per unit time. 40 
However, as described above (see the equation (2)), it 
is impossible to control the repetitive period t t of an ON 
operation of the switching element 2 below the sum of 
the pulse delay time t r and t f or less. Therefore, the re- 
petitive period t t of an ON operation of the switching el- 45 
ement 2 has a limitation (in dependence on the charac- 
teristics of switching element used); for this reason, 
there is a limitation on an increase in the number of puls- 
es of a machining current per unit time. This hinders im- 
proving a machining speed. so 

As described above, the conventional power supply 
unit for an electric discharge machine has a limitation 
which is dependent on the characteristics of a switching 
element (pulse delay time until the switching element 
actually becomes an ON state after the ON-command 55 
signal is outputted, and pulse delay time until the switch- 
ing element actually becomes an OFF state after the 
OFF-command signal is outputted). For this reason, 



there is a problem in that there is a limitation on a surface 
smoothness, machining precision and speed. 

To solve the above problem in the prior art, an object 
of the present invention is to provide a power supply unit 
for an electric discharge machine, which can perform a 
machining operation with a high machining precision 
and at a high speed. 

In the present invention, at least two switching ele- 
ments are interposed in series between a DC power 
source and an interelectrode gap, in place of interposing 
only one switching element therebetween, and these 
switching elements are controlled in a manner such that 
individual switching elements are simultaneously in an 
ON state for a partial period. As a result, there can be 
provided a short-width ON time, which could not usually 
be obtained in the case where one switching element 
as employed in the prior art is used. 

Moreover, in a development of the present inven- 
tion, at least two switching elements connected in series 
are used as one pair, and at least two pairs are connect- 
ed in parallel between the power source and the gap 
interelectrode gap, thereby realizing a short ON time 
width and making the repetitive number of the ON time 
per unit time twice as many or more. 

Some embodiments of the present invention will be 
described below by way of example and with reference 
to the accompanying drawings, in which: 

Fig. 1 is a block diagram showing an example of a 
power supply unit according to first and second 
embodiments of the present invention; 
Fig. 2 is a block diagram showing another example 
of the power supply unit according to first and sec- 
ond embodiments of the present invention; 
Fig. 3 is a time chart for explaining an example of 
an ON-OFF operation of a switching element in the 
power supply unit shown in Figs. 1 and 2 according 
to the first embodiment of the present invention; 
Fig. 4 is a time chart explaining an another example 
of an ON-OFF operation of a switching element in 
the power supply unit shown in Figs. 1 and 2 accord- 
ing to the second embodiment of the present inven- 
tion; 

Fig. 5 is a block diagram showing an example of a 
power supply unit according to a third embodiment 
of the present invention; 

Fig. 6 is a time chart explaining an example of an 
ON/OFF operation of a switching element in the 
power supply unit shown in Fig. 5 according to the 
third embodiment of the present invention; 
Fig. 7 is a block diagram schematically showing a 
conventional power supply unit for an electric dis- 
charge machine; and 

Fig. 8A and Fig. 8B are time charts explaining the 
relatbnship between an ON-command signal and 
an ON-OFF state of a switching element in the con- 
ventional power supply unit foran electric discharge 
machine. 
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The first and second embodiments of the present 
invention will be described below with reference to Figs. 
1 and 2, and Figs. 3 and 4. 

Examples of power supply units for the electric dis- 
charge machine to be used in the first and second em- 5 
bodiments will be described below with reference to 
Figs. 1 and 2. 

In Figs. 1 and 2, a reference number 1 denotes a 
DC power source, 21 and 22 individually denote a 
switching element made of a semiconductor such as a 10 
transistor, 3 denotes a machining electrode, 4 denotes 
a workpiece, and 5 denotes a current-limit resistance. 
Also, S1 and S2 are on-command signals for turning 
switching elements 21 and 22 on only for a predeter- 
mined time. A discharge is generated in an interelec- is 
trode gap between the machining electrode 3 and the 
workpiece 4. 

A power supply unit shown in Fig. 1 has a constitu- 
tion in which switching elements 21 and 22 are connect- 
ed in series adjacent to each other in a closed circuit 20 
constituted by the interelectrode gap and the DC power 
source 1 . A machining current pulse flowing through the 
inter electrode gap is controlled by executing an ON- 
OFF control of the respective switching elements 21 and 
22. 25 

On the other hand, a power supply unit shown in 
Fig. 2 has a constitution in which switching elements 21 
and 22 are connected in series in a closed circuit con- 
stituted by the interelectrode gap and the DC power 
source 1 , in a manner such that the power source is in- 30 
serted between the switching elements 21 and 22. A 
machining current pulse flowing through the interelec- 
trode gap is controlled by means of the control of switch- 
ing elements 21 and 22, like the circuit shown in Fig. 1. 

As already described with reference to Fig. 8A, the 35 
respective switching elements 21 and 22 change over 
from an OFF to ON state when a specified time elapsed 
after the ON-command signal is inputted, and change 
over from an ON to OFF state when a specified time 
elapsed after the ON-command signal falls. 40 

Next, an operation of the power supply units shown 
in Figs. 1 and 2 will be described below with reference 
to a time chart of Fig. 3. 

In Fig. 3, S1 and S2 individually show a state where 
an ON-command signal is inputted to the respective 45 
switching elements 21 and 22 when the signal is at a 
high level. P1 and P2 are individually indicative that the 
respective switching elements 21 and 22 are in an ON 
state when the signal is at a high level. P1 2 is indicative 
that a machining current pulse is applied to the intere- so 
lectrodegap when the signal is at a high level. 

The ON-command signals S1 and S2 are each in- 
putted to switching elements 21 and 22 of the power 
supply unit shown in Fig. 1 or Fig. 2, with a phase dif- 
ference. Whereupon the switching element 21 changes 55 
over from an OFF to ON state when a pulse delay time 
t r1 elapsed after the ON-command signal SI is inputted 
to the switching element 21 , and changes over from an 
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ON to OFF state when a pulse delay time t fl elapsed 
after the ON-command signal S1 falls. As a result, the 
switching element 21 is in an ON state for a period 
shown by 'a' in P1 of Fig. 3. 

On the other hand, the switching element 22 chang- 
es over from an OFF to ON state when a pulse delay 
time Xfc elapsed after the ON-command signal S2 is in- 
putted to the switching element 22, and changes over 
from an ON to OFF state when a pulse delay time t^ 
elapsed after the ON-command signal S2 falls. As a re- 
sult, the switching element 22 is in an ON state for a 
period shown by "b" in P2 of Fig. 3. 

In an example shown in Fig. 3, these switching el- 
ements 21 and 22 individually have the same charac- 
teristics, so that rise delay time t r of both switching ele- 
ments 21 and 22 become equal (t, = t r1 = t^), and tall 
delay time t r thereof become equal (t r = t f1 = t e ). 

In the power supply units shown in Figs. 1 and 2, a 
voltage from the DC power source 1 is applied to the 
interelectrode only when both switching elements 21 
and 22 become an ON state together, and a machining 
current pulse flows when a discharge is generated in the 
interelectrode gap. In Fig. 3, the above state is equiva- 
lent to a period "c" on a high level in P12. The period n c° 
is an overlap portion of the period "a" where the switch- 
ing element 21 is in an ON state and the period "b" where 
the switching element 22 is in an ON state. 

In order to control the switching elements 21 and 22 
so that these elements 21 and 22 are individually in an 
ON state for periods "a" and "b", this can be achieved 
by controlling the command signals S1 and S2. There- 
fore, a machining current pulse width t P12 which is an 
overlap period (shown by "c n in the time chart) of the 
periods "a" and n b° can be obtained by controlling the 
command signals S1 and S2. 

If the ON-command signals S1 and S2 are control- 
led so that the ON state of the switching element 21 
overlaps with the ON state of the switching element 22, 
there can be provided an ON time width shorter than the 
minimum ON time width (the minimum ON time width t p 
(min) already described in Fig. 8B) obtained from a sin- 
gle switching element. As described above, by using the 
power supply units shown in Figs. 1 and 2, a machining 
current pulse having a very short pulse width can be ob- 
tained. 

Subsequently, another example of the operation of 
the power supply units shown in Figs. 1 and 2 will be 
described below with reference to a time chart of Fig. 4. 

In Fig. 4, S1 and S2 individually shows a state 
where an ON-command signal is inputted to each of the 
switching elements 21 and 22 when the signal is at a 
high level. P1 and P2 are individually indicative that 
each of the switching elements 21 and 22 is in an ON 
state when a signal is at a high level. P12 is indicative 
that a machining current pulse is applied to the intere- 
lectrode when a signal is at a high level. 

The ON-command signal S1 shown in Fig. 4 is given 
to the switching element 21 of the power-supply unit 
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shown in Fig. 1 or Fig. 2. Moreover, the ON-command 
signal S2 shown in Fig. 4, which has the same repetitive 
period as the signal S1 but has the phase difference of 
<j> with respect to the signal S1 , is given to the switching 
element 22. Whereupon the switching element 21 5 
changes over from an OFF to ON state when the pulse 
delay time t r1 elapsed after the ON-command signal S1 
is inputted, and changes over from an ON to OFF state 
when the pulse delay time t fl elapsed after the ON-com- 
mand signal S1 falls. As a result, the switching element 10 
21 is in an ON state for a period shown by "a" in P1 of 
Fig. 4. In this case, the switching element 21 is operated 
in the shortest ON time and in the shortest repetitive pe- 
riod (t p (min) and t t (min) already described in Fig. 8A). 

On the other hand, the switching element 22 chang- 1& 
es over from an OFF to ON state when the pulse delay 
time t^ elapsed after the ON-command signal S2 is in- 
putted, and changes over from an ON toOFF state when 
the pulse delay time t G elapsed after the on-command 
signal S2 falls. As a result, the switching element 21 is 20 
in an ON state for a period shown by n b° in P2 of Fig. 4. 
In this case, the switching element 22 is operated in the 
shortest ON time and in the shortest repetitive period, 
as in the case of the switching element 21 . In an exam- 
ple shown in Fig. 4, these switching elements 21 and 22 25 
individually have the same characteristics, so that rise 
delay time t r of both switching elements 21 and 22 be- 
come equal (t r = t r1 = t^), and fall delay time t r thereof 
become equal (t r = V, = t^), as in the case of the example 
shown in Fig. 3. 30 

If the ON-command signals S1 and S2 are control- 
led so that a phase difference <J> = n occurs between the 
signals, a phase difference <]> = n occurs between oper- 
ations of the switching elements 21 and 22. At this mo- 
ment, in the time chart of Fig. 4, a period where the 35 
switching elements 21 and 22 are simultaneously in an 
ON state is a period overlapping the period shown by 
"a" shown in P1 with the period shown by n b n and "c° in 
P2. That is, the period is shown by "d" and "e" in P12. 
Thus, a switching circuit which comprises the switching 40 
elements 21 and 22 connected in series repeats an ON- 
OFF operation in a short ON-state section and a short 
repetitive period as shown in P12. 

An ON-state period shown by each of n d" and "e" in ' 
P1 2 of Fig. 4 is shorter than an ON-state period obtained 1 *s 
by the ON-command signal S1 alone or S2 alone; there- 
fore, the number of repetitive times of an ON time per 
unit time is twice the maximum number of repetitive 
times of an ON time obtained from the case where a" 
switching element is singly used. Moreover, an ON time so 
width t on is obtained from an equation t on = (t f - t r )/2, and 
can be shortened as compared with the minimum ON ' 
time t f obtained in the case where a single switching el- 
ement is only used, r 

An example of a power supply, unit for an electric ss 
discharge machine to be used in the third embodiment 
of the present invention will be described below with ref- 
erence to a block diagram shown in Fig. 5. 



In Fig. 5, a reference numeral 1 denotes a DC power 
source, 3 denotes a machining electrode, 4 denotes a 
workpiece, and 5 denotes a current limiting resistor. A 
pair of switching elements 21 and 22 connected in series 
and a pair of switching elements 23 and 24 connected 
in series are interposed in parallel between the DC pow- 
er source 1 and the current limiting resistor 5. Each of 
S1 , S2, S3 and S4 is an ON-command signal for turning 
the respective switching elements 21 , 22, 23 and 24 on 
only for a predetermined time. In the embodiment shown 
in Fig. 5, a discharge is generated in an interelectrode 
gap, constituted by the machining electrode 3 and the 
workpiece 4, as in the case of the foregoing embodi- 
ments. 

An operation of the power supply unit shown in Fig. 
5 will be described below with reference to a time chart 
of Fig. 6. 

In Fig. 6, Pa is a signal indicative that the pair of 
switching elements 21 and 22 connected in series si- 
multaneously turn on when the signal is at a high level. 
Pb is a signal indicative thatthe pair of switching ele- 
ments 23 and 24 connected in series simultaneously 
turn on when the signal is at a high level. These signals 
Pa and Pb are individually produced by using the same 
method as that for producing the signal P1 2 of Fig. 3 or 
the signal P12 of Fig. 4. The pair of switching elements 
21 and 22 connected in series and the pair of switching 
elements 23 and 24 connected in series are connected 
in parallel, so that a signal Pc as a logical sum of the 
signals Pa and Pb is inputted to the interelectrodegap. 

In an example shown in Fig. 6, a phase of the re- 
spective signals Pa and Pb is shifted from each other 
by <(>, so that the signal Pc, which has the same ON-state 
time width as the respective width of signals Pa and Pb 
and has a repetitive period half as much as the respec- 
tive width of signals Pa and Pb, is obtained. 

In the power supply unit shown in Fig. 5, two pairs 
of switching elements connected in series are connect- 
ed in parallel. Instead, three or more pairs of switching 
elements connected in series may be connected in par- 
allel, and a phase of the respective signals Pa, Pb, ... 
produced by each switching circuit may be shifted from 
one another so as not to overlap with one another, there- 
by increasing the number of repetitive time of an ON 
time per unit time. 

Claims 

1. A power supply unit for an electric discharge 
machine comprising: 

a switching circuit having a configuration in 
which two or more switching elements are inter- 
posed in series between a DC power source 
and an interelectrode gap between an elec- 
trode and a workpiece; and 
ON-command means for controlling the 



5 



9 



EP0 707 915 A1 



ON/OFF state of said respective switching ele- 
ments of said switching circuit, 
the ON/OFF states of the respective switching 
elements being controlled by means of said 
ON -command means so that said switching 5 
elements are simultaneously in an ON state for 
a specific time. 

The power supply unit according to claim 1 , wherein 
said respective switching elements are controlled io 
by means of said ON-command means so that they 
repeat an ON-OFF operation in the same repetitive 
period and with a predetermined phase difference. 

The power supply unit according to claim 2, wherein is 
a length of a period when said respective switching 
elements are simultaneously in an ON state is 
determined by adjusting said phase difference. 

The power supply unit according to claim 1 , wherein 20 
said switching circuit is formed by connecting a plu- 
rality of switching paths in parallel, each of said 
switching paths including two or more switching ele- 
ments connected in series. 

2S 

The power supply unit according to claim 4, wherein 
respective switching elements included in each of 
said switching paths are controlled by said ON- 
command means so that said switching elements 
repeat an ON-OFF operation in a common repeti- 30 
tive period and with a predetermined phase differ- 
ence. 
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